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Abstract

Construction industries worldwide have already suffered significantly from COVID-
19-related major supply chain disruptions. Construction supply chains are also
vulnerable to weaknesses in global supply chains. Therefore, it is timely for
construction organisations to revamp their strategies and operating procedures to
counteract these vulnerabilities to enhance their own performance and that of the
industry. Supply chain resilience (SCR) is taken to be the dynamic capability of
supply chains to withstand the influential vulnerabilities in a tumultuous global
supply chain environment by developing and deploying appropriate capabilities.
Further, SCR envisages a game-changing strategic shift from traditional supply chain
risk management practices, to enable effective counteracting of various
vulnerabilities: by anticipating, withstanding and overcoming them, while also
empowering proactive resilience through appropriate dynamic capabilities. This
chapter describes a completed exercise to identify critical vulnerabilities associated
with construction supply chains and thereby ascertain the capabilities that should be
developed to withstand them. Further, the dynamic balance between capabilities and
vulnerabilities, their individual impacts, and the supply chain vulnerability levels in
different phases of procurement and delivery, were explored through a specific case
study that focused on industrialised construction in Hong Kong, given increasing
trends in many countries towards reduced on-site operations, by shifting the
production of most building components to factories. Finally, a set of strategies to
boost SCR is proposed, based on the case study findings but adaptable to other
jurisdictions. Moreover, the findings in this chapter should benefit contractors,
clients/employers, policymakers and other industry stakeholders to rethink ‘business
as usual’ and develop innovative strategies and methodologies to reduce supply chain
vulnerability levels during all phases of construction project procurement and
delivery while identifying and developing relevant counteracting capabilities.
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18.1 Introduction: Supply chain resilience - moving beyond conventional risk management
The emergence of the COVID-19 pandemic first alarmed the World then changed ways of
living and working and also showed how global supply chains are susceptible to a wide array
of unforeseeable and unavoidable disruptions. The pandemic triggered acute supply chain
disruptions due to material shortages and unavailability, logistics and transportation issues,
factory closure, and unavailability of labour (Cherian and Arun, 2022). Further, country

lockdowns and the COVID-19 regulations caused adverse impacts on the global economy



while resulting in negative Gross Domestic Product (GDP) in around 170 countries (IMF,
2020; Cherian and Arun, 2022). Supply chains in most industries, including agriculture,
automobile, tourism, textile, and building and construction were significantly affected during
and after the COVID-19 pandemic.

However, such industrial supply chains face disruptions even during their normal operations in
general due to human-induced disasters or Act-of-God situations. All these disruptions more
or less endanger organisational performance. Also, the growing complexity of the global
supply chains and their increased vulnerability to disruptions have threatened the long-term
success and survival of organisations and sometimes their parent industries too (Ekanayake et
al., 2021a). Therefore, given the increasing fragility and the susceptibility of global supply
chains due to unforeseen disruptions, the highly volatile and interconnected nature of the global
market, fierce competition amongst organisations and ever-changing clients’ demands
necessitates a strategic shift toward a modern supply chain management strategy that prioritises
Supply Chain Resilience (SCR) (Ekanayake et al., 2021a; Zavala, et al., 2019). SCR is one of
the key clusters that emerged in the ‘Resilience’ concept. The resilience concept refers to the
ability to deal with disruptions. It is said to be an outcome measure with an end goal of
resistance, absorption, and recovery to the pre-event state or a steadier state (restoration)
(Cutter et al., 2010). Resilience is twofold: proactive (operationalised through warning
capabilities) and reactive (the ability of a system to bounce back and return to equilibrium or a
better functional state) (Pettit et al., 2013; Brandon-Jones et al., 2014). Further, resilience
straddles diverse disciplines and SCR is also one of the emerging clusters explored in the
discipline of management and engineering.

SCR denotes the ‘adaptive capability of a supply chain to prepare for unexpected events,
respond to disruptions, and recover from them by maintaining continuity of operations at the
desired level of connectedness and control over structure and function’ (Ponomarov and
Holcomb, 2009). Accordingly, resilient supply chains facilitate the continuity of supply chain
networks during disruptions in the first instance. Secondly, they provide the capability to make
operational changes in the processes to reduce their vulnerability to disturbances (Christopher
and Peck, 2004; Sheffi and Rice, 2005; Zavala et al., 2019; Ekanayake et al., 2021a). SCR
denotes a proper balance between the associated vulnerabilities and the counteractive
capabilities in the supply chains (Pettit et al., 2013; Ekanayake et al., 2021c¢). Besides, SCR
goes beyond the traditional risk management strategies while enabling identifying, monitoring
and mitigating supply chain disruptions (Melnyk et al., 2009) and withstanding them swiftly
and cost-effectively (Ekanayake et al., 2021d).



Organisations have been adopting various traditional risk management strategies to identify
assess, control and manage supply chain disruptions over the years. However, these traditional
risk management strategies focus more on risk reduction, avoidance or control and lower-level
consideration is on the restoration and recovery of supply chains as a whole. Further, the
following are some major shortfalls of traditional risk management that justified the need for a
far better mechanism to deal with supply chain vulnerabilities more effectively.

(a) the difficulty of identifying all potential risks to conduct appropriate risk assessments
(Van Der Vegt et al., 2015),

(b) the difficulty in applying common risk management strategies to every potential
disruptive cause (Pettit et al., 2010),

(c) the inability to facilitate the required protection against disruptions whose root causes
are undetectable (Van Der Vegt et al., 2015),

(d) the difficulty of anticipating and predicting the cascading impacts of supply chain
disruptions as most of them emerge as a set of joint or sequential events (Van Der Vegt et
al., 2015; Zainal and Ingirige, 2018a),

(e) the difficulty of adequately responding to the low-probability, high-impact disruptive
events (Pettit et al., 2010),

(f) the requirement of empirical data, mathematical modelling and probability distributions
for risks identification and future predictions (Van Der Vegt et al., 2015; Ekanayake et al.,
2021a)

Being resilient was a timely solution to better manage the identified weaknesses associated
with previous risk management approaches as SCR goes beyond mitigating risk and enables
organisations to deal with disruptions more effectively (Fiksel, 2015) by improving
withstanding capacity of supply chains through adequately deployed supply chain capabilities.
More importantly, the level of vulnerability of supply chains is closely related to the
withstanding capacity of supply chains. Supply chain A with stronger withstanding capacity
would perform better towards disruptions compared to supply chain B with lesser capacity.
Hence, more attention should be paid to strengthening the appropriate supply chain capabilities
in the supply chains rather than just identifying, assessing and reactively addressing the risks
to withstand disruptions. In this regard, an appropriate balance between vulnerabilities and
capabilities should be maintained proactively (Pettit et al., 2019) by considering supply chain
dynamics. The employment of an appropriate level of capabilities is clearly vital. It is noted
that more capabilities than presently foreseen may be needed to tackle unforeseen levels of
potential disasters or even totally unforeseen disasters, i.e., a redundancy or ‘buffer back-up’
of capabilities should ideally be available to draw on if needed. However, excessive
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probably not be needed, would be wasteful and incur additional time and cost with other
detrimental impacts. As will be described later, developing capabilities of anticipation and
visibility (having proper knowledge of ongoing supply chain operations and its environment)
helps to assess the probably required levels of other capabilities so as to make proactive
provisions to withstand future disruptions at those levels. Therefore, an additional ‘buffer’ can
be provided in the ‘balance’ to provide more capabilities than currently seem needed. This
would add a ‘safer factor’ or additional backup provision to cope with totally unforeseeable
and unexpectedly prolonged disruptions such as COVID-19. Moreover, the emerging attention
of practitioners is now shifted towards building resilient supply chains as a recognised solution
to address the difficulties arising from the inadequacy of traditional risk management practices
since SCR facilitates organisations with adaptive capabilities that are ideally developed to
counteract and withstand corresponding vulnerabilities in supply chains effectively and to
enhance recoverability in the presence of a disruption. Figure 18.1 explicates the concept
further, illustrating the need for SCR initiation and how it could help in overcoming

vulnerabilities to target a goal of high performance.

Insert about here: Figure 18.1: Supply Chain Resilience

18.2 Construction supply chain resilience - imperatives to improve

It is common knowledge that the construction industry is one of the most significant drivers of
the global economy as the industry contributes significantly to the built environment and
economic growth while generating massive employment opportunities. Compared to
developed countries, in developing countries, the proportional contribution of the construction
industry is higher, as has been recognised over the years (Ekanayake et al., 2021d). Besides,
given the pivotal role played by the industry in the national economy, governments have
appointed and empowered industry review/ appraisal committees periodically, to review the
performance of their construction industry and to propose strategic reforms to enhance industry
performance. For example, some recent developments in the United Kingdom, Singapore and
Hong Kong were based on useful recommendations from earlier reports (Egan, 1998; C21,
1999; CIRC, 2001).

However, countries are still looking for innovative solutions that enhance industry

performance, since construction projects still suffer from delays, cost overruns, safety



problems, and environmental and sustainability issues. Indeed, the construction industry is not
exempted from being affected by the interconnected risks associated with global dilemmas.
Like most other industries, the construction industry also faces significant supply chain
disruptions due to the worldwide crisis and pandemics. During the Japanese triple disaster in
2011 triggered by a tsunami (which led to a nuclear disaster and flooding too) and the European
migration crisis in 2015, the global supply chains and industries including construction were
greatly affected. Also, SARS in 2003, and most recently, the COVID-19 pandemic have
adversely affected the construction industry's performance. Apart from that, the Russian-
Ukraine War again resulted in supply chain disruptions over the world. BREXIT is another
example that resulted in a skilled worker shortage in the United Kingdom and the recent
economic crisis in Sri Lanka depicted how challenging it is for an industry such as construction
to survive with resource (material, fuel, labour) shortages during such an economic shortfall.
Delving deeper, the supply chain interdependencies in the construction industry are unique.
The construction supply chains are characterised by project-based delivery, overlapping risks
(Loosemore, 2000) and more cascading nature of risks. Further, the consequential losses are
considerably high in the construction industry as the contractors are obliged to pay a higher
amount of liquidated damages caused by delays and significant penalties for performance
shortfalls. Indeed, the reliance on ‘Trade Credit’ is higher in the construction industry (Nowak
and Gorczynski, 2020) and hence, is allied with more supply chain risk. Even the contractual
responsibilities of the supply chain members are wider and more direct, hence, vulnerabilities
trigger faster in the construction industry compared to the other industries (Loosemore, 2000).
Considering the configuration of a conventional construction supply chain, the upstream and
downstream linkages could be identified as follows. The upstream linkages include the
construction client and the design team, leading the projects and the downstream linkages
include the main contractor, the suppliers and the sub-contractors, delivering the projects
(Ekanayake et al., 2021d). All these supply chain members form the context of temporary
multiple organisations and work together to attain their individual interests under a common
project goal. Accordingly, the supply chain management process in the construction industry
faces numerous significant challenges due to the difficulties of managing a wider network of
organisations, suppliers and services (Dainty et al., 2001; Briscoe and Dainty, 2005) with
adversarial relationships (Saad et al., 2002).

As a solution to the performance and quality shortfalls in construction projects, ‘Construction
Industrialisation’ (the adoption of prefabricated building components and systems) has been
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prefabricated construction to Modular integrated Construction (the assembly of volumetric
units or models onsite) enabled reduced construction time and labour, improved quality,
enhanced safety and productivity, and reduced exposure to external services with greater
sustainability compared to the previous construction methods used in the industry (Jiang et al.,
2019; Wuni and Shen, 2020; Ekanayake et al., 2021d). However, the inherent limitations of
complexity, pre-fixed construction schedules (Zhai and Huang, 2017), the fragmented nature
and reduced visibility of prefabricated construction supply chains often lead to disruptions
which contribute to significant losses and other adverse effects (Ekanayake et al., 2021d). The
associated disruptions are not limited to tolerance issues, machine breakdown, port/customs
clearance delays, traffic and handling issues in logistics, and damage to the modular units. If
these vulnerabilities are not managed effectively and efficiently, the time and cost savings
expected from construction industrialisation would undoubtedly wither away. Given these
foregoing essentials, becoming (more) resilient would herald the strategic transformation of
the construction industry by improving its readiness to withstand uncertainties and disruptions
to enhance industry performance. Moreover, SCR prioritisation could be introduced as a game-
changing management strategy for the construction industry that outperforms traditional risk
management practices by withstanding critical supply chain disruptions while overcoming so-
called vulnerabilities effectively and efficiently. Therefore, the forthcoming sections of this
chapter discuss how to improve construction SCR through building capabilities and

withstanding vulnerabilities.

18.3 Vulnerabilities in construction supply chains - differentiating from risks and identifying
root causes

As discussed above, construction supply chains face acute disruptions not only due to external
environmental factors such as those stemming from sudden and serious social, political, and
economic issues and ‘dislocations’ but also due to the strategic and managerial decision-
making of construction organisations and project managers. Further, higher complexity,
extensive outsourcing, and less vertical integration of supply chains expose organisations to an
increased level of vulnerabilities. In previous literature, vulnerabilities were identified and
considered as ‘risks’ (Chopra and Sodhi, 2004), ‘disruptions’ (Ponomarov and Holcomb,
2009), ‘uncertainties’, ‘errors’, and ‘crises’ (Ekanayake et al., 2020a). However, in SCR,

vulnerabilities signify the key disruptions that disturb normal supply chain operations



(Ekanayake et al., 2020a). Indeed, the degree of vulnerability denotes the level of fragility of
systems (Elleuch et al., 2016),

18.3.1 Risk vs Vulnerability

There is an identifiable difference between risk and vulnerability. Risk is characterised by the
probability (frequency of happening risk) and its impact (the amount of loss) (Elleuch et al.,
2016). According to Heckmann et al. (2015), it is ‘the fear of losing investment’ or ‘the
probability of events that result in losses. In the domain of supply chain risk management,
supply chain risks denote the ‘variation in the distribution of possible supply chain outcomes,
their likelihood, and their subjective values’ (March and Shapira, 1987).

However, vulnerability is measured through the intensity of the impact generated or the damage
caused (Elleuch et al., 2016). Hence, vulnerability is characterised by the predisposition to risk,
strength-building, and elasticity to withstand shock (Gondard-Delcroix and Rousseau, 2004).
Further, it denotes the degree of fragility of systems (Bonnefous et al., 1997). Indeed,
vulnerability depends upon a system’s capacity and preparation to anticipate, face, and absorb
risks (Birkmann, 2007). Risk can be therefore measured by the function of the hazard and
vulnerability (Wisner et al., 2004; Ekanayake et al., 2020a).

For instance, vulnerability levels of building A and building B to natural disasters can differ
although they are in the same risk area. Because building A may be more vulnerable to natural
disasters due to less careful design and construction. But building B could be properly
designed, constructed, and well maintained and therefore, building B could be less vulnerable
to natural disasters. Similarly, construction supply chain X may be more vulnerable than
construction supply chain Y to transportation disruptions. The reason would be that supply
chain Y would be more adaptive and with enhanced coping capacities to withstand most
transportation disruptions. Indeed, supply chain Y would have alternative transportation
arrangements to properly reroute whenever required during disruptions. As a result, supply
chain X will incur more losses and costs compared to supply chain Y when facing disruptive
causes. Moreover, vulnerability is associated with system or supply chain capacity which
enables effective withstanding of disruptions and bouncing back from them. Besides, supply
chains can be differently vulnerable to the same risk events given their supply chain capabilities

(Ekanayake et al., 2020b).

18.3.2 Vulnerabilities in Construction Supply Chains



As identified in the literature, most construction supply chains face a wide array of disruptions
stemming from strategic management as well as from other issues, such as personal, process,
supplier/customer, technology, political/legal/economic, environmental, physical damage,
market pressures, and liquidity or credit vulnerabilities (Zainal and Ingirige, 2018b). Especially
for prefabricated/industrialised construction supply chains, the key disruptions are from project
organisational, procedural, technological, supplier/customer, external environmental, and
financial vulnerabilities (Ekanayake et al., 2020a).

Organisational and project vulnerabilities arise due to poor strategic and management decisions
and the actions taken by the staff and employees within construction organisations and projects.
These vulnerabilities include labour strikes and labour disputes; loss of skilled workforce;
disruptions due to outsourcing, communication breakdowns; loss of trust/fraud; closing/selling
off the organisations; and poor project definition. Procedural vulnerabilities can be considered
process-based disruptions and arise from the operation at any node of the supply-production-
distribution chain (Ekanayake et al., 2020a). The procedural vulnerabilities include
variations/rework; utility breakdowns; transport disruptions; quality loss; systems/machines
breakdown; site inventory losses/theft; safety hazards; and energy scarcity (Ekanayake et al.,
2020a). Technological vulnerabilities are also significant in the construction industry as they
include the disruptions resulting from technology changes and breakdowns. Accordingly,
technology failure, information loss and misuse, IT system failure and failures due to outdated
IT systems (Ekanayake et al., 2020b) could be faced. Supplier/customer vulnerabilities refer to
the disruptions allied with suppliers, sub-contractors, contractors and the client in the supply
chain. These vulnerabilities begin with supply resource scarcity or shortages (Zhai and Huang,
2017) and progress with the supply-demand mismatch (Ekanayake et al., 2020a) and end up
with unmet client needs (Hou et al., 2018). Further, construction supply chains, in particular,
depend upon a single contractor as it is not feasible to arrange backup contracts within a single
project. Therefore, single supplier dependency is another challenging vulnerability that the
industry faces.

In addition, external environmental vulnerabilities can arise from Act-of-God natural disasters
or human-induced disasters. As realised throughout the previous years, the COVID-19
pandemic, economic crisis, natural disasters and war situations imposed acute susceptibilities
on the construction industry in general and supply chain delays and disruptions in particular.
The financial capacity of construction organisations should be much stronger than in other
industries as the industry deals with such an expensive and risky product delivery. Most of the

vulnerabilities in the industry arise due to liquidity or credit issues relating to money and poor



management of monetary assets and insolvency (Ekanayake et al., 2020a). Further,
construction supply chains are susceptible to cost overrun, cash flow issues, price and exchange
rate fluctuations, inflation, and liability claims. Accordingly, there can be a detrimental impact
of late payment to the suppliers, sub-contractors and even to the contractor which will cause a
loss of trust in the project team (Kadir et al., 2005). Despite the good financial strength, it is
difficult to expect excellent or good performance or even survival of the construction supply
chains. Therefore, maintaining a healthy cash flow and strong financial capacity is essential to
properly address the financial risks associated with the construction supply chains.

Within these vulnerability categories, the most critical vulnerability factors of construction
supply chains include political or regulatory changes, market pressures and vulnerabilities due
to management, and strategic and financial decision-making (Zainal and Ingirige, 2018b).
However, the above identification is based on Malaysian construction projects. Further to the
findings, public construction projects are highly vulnerable to political threats whereas private
sector organisations are significantly vulnerable to market pressures. In addition, the public
sector’s financial strength is also challenging and hence, creates significant vulnerabilities
during the supply chain process. Especially considering the prefabricated construction supply
chains in China, the most critical vulnerabilities are due to high cost, an inadequate workforce,
inadequate training and policy-related issues (Wang et al., 2019). As prefabricated construction
is still growing, the developed policies on it do not still cover the overall aspects. Indeed, the
initial cost implication is significantly higher in prefabricated construction and having a proper
financial capacity is essential in this regard. Further, manufacturing, transportation, handling
and assembly of prefabricated modules require a skilled and trained workforce. Finding such a
skilled and trained workforce is not easy and may therefore generate vulnerabilities due to
labour inefficiency and safety issues.

A loss of skilled workforce is the highest vulnerability faced by the Hong Kong prefabricated
construction supply chains (Ekanayake et al., 2021d). Especially, on-site assembly is
impossible without skilled labour. Hence, the workforce should be extensively trained, while
several mock-up sessions should be conducted to avoid safety hazards and tolerance issues
during the actual installation of the prefabricated components. Further, dealing with variations
is another considerable vulnerability as the prefabricated supply chains are fixed after the
planning stage. For instance, even a 2-3 mm error in some prefabricated modules/component
dimensions would create significant assembly issues that may generate significant cost
overruns in the projects. Also, communication issues are much more challenging and

unavoidable in the prefabricated construction supply chains in Hong Kong due to the



fragmented nature of the supply chains. For example, the prefabricated units are manufactured
in Mainland China and transported to Hong Kong for assembly. Therefore, a proper
communication mechanism is essential for quality management and control, logistics
management, inventory management and on-site assembly management including appropriate
scheduling.

Besides, all these supply chain vulnerabilities are independent of each other but impose
cascading impacts on the others. Therefore, they can arise together, in parallel or in sequence.
For instance, technological vulnerabilities may tend to trigger financial vulnerabilities and the
cumulative vulnerability level of combined vulnerabilities could affect the whole construction
supply chain in different ways. Moreover, all these supply chain vulnerabilities are product-
specific and jurisdiction-specific, hence, it is necessary to identify and link them specifically
to their own industries and jurisdictions when developing resilient supply chains. Therefore,
developing and deploying appropriate supply chain capabilities at appropriate levels is
necessary, to benefit from adequate SCR throughout project procurement and delivery cycles.
The benefits would indeed be enhanced and multiplied in longer-term supply chains that serve
more than single one-off projects but extend to project programmes such as for public housing
clients or private developers, with ensuing synergies in overlapping project procurement and
delivery. The overlaps could be both (a) ‘horizontally’ as in overlapping projects that proceed
almost in parallel but start and finish at slightly different times i.e., ‘staggered’; and (b)

‘longitudinally’ as with longer-term programmes of large clients/employers.

18.4 Supply Chain Capabilities - as Drivers for construction firms' Success

The only precursor to SCR is deploying adequate capabilities at appropriate levels in the supply
chains. These capabilities contribute toward supply chain strategy and enhance operational
excellence while encouraging healthy client relationships (Morash, 2001). Supply chain
capabilities act as ‘counter-balancers’ during disruptions to counteract supply chain
vulnerabilities effectively (Pettit et al., 2013). In that sense, supply chain capabilities can
anticipate, withstand and overcome supply chain vulnerabilities which disrupt the normal
construction supply chain process (Ekanayake et al., 2019). Supply chain capabilities are
twofold: proactive and reactive (Wieland and Wallenburg, 2013). The proactive capabilities
strengthen the supply chains with the ability to prepare for and withstand supply chain
disruptions in more effective ways. The reactive capabilities are activated by the disruptions

and enable quick responses to rapid changes while facilitating fast recovery. There are several



findings on supply chain capabilities and supply chain capability measures. Supply chain
capabilities include but are not limited to visibility, dual sourcing, transshipping (Christopher
and Peck, 2004), leanness, agility (Purvis et al., 2016), and flexibility (Tomlin, 2006; Purvis et
al., 2016). Each capability could be assessed and improved with the use of supply chain
capability measures. For instance, improving the use of tracking and tracing tools is helpful to
enhance supply chain visibility. In this regard, the visibility capability in a supply chain can
also be assessed by the use of suitable tracking and tracing tools in the supply chain process.
In most construction supply chains, Flexibility, Capacity, Efficiency, Visibility, Adaptability,
Anticipation, Recovery, Dispersion, Collaboration, Market Position, Security and Financial
Strength are the critical capabilities that enable effective withstanding of vulnerabilities (Zainal
and Ingirige, 2018b).

Flexible supply chains have the ability for the quick mobilisation of resources during a
disruption. The use of multiple sources of supply, multiple uses of resources, and flexible
supplier contracts are encouraged to improve flexibility. Having alternative suppliers is also
beneficial in this regard but maintaining alternative or backup contracts is impracticable in
construction projects. Integrating inventory management and supply chain management
through integrated project management support platforms such as BIM (Building Information
Modelling) and ERP (Enterprise Resource Planning) helps to improve the flexibility of the
supply chain process further. Having alternative/multi-modal transportation is necessitated
during logistics disruptions as delays may contribute to significant monetary losses.
Maintaining adequate time buffers in the construction schedule is also essential to improve
supply chain flexibility.

Capacity is another critical capability measure, as it ensures the availability of sufficient
resources to enable continuous supply chain operation. Having proper redundancies in the
supply chain process is required for prompt recovery during disruptions without disturbing
other supply chain processes. Maintaining safety stocks, backup facilities, inventory buffers
and reserves are essential to hedge against uncertainties. Improving the supply chain capacity,
therefore facilitates mitigating rearrangement costs and the tardiness penalty (Zhai et al., 2018).
Efficiency is the supply chain’s ability to perform higher with reduced use of resources
(Ekanayake et al., 2021b). Efficient construction supply chains are encouraged through
wastage reduction, reusability, recyclability, initiation of circular economy concepts, improved
labour productivity, failure prevention and reduced product variability. Industrialised
construction including increasingly popular modular construction approaches enables product

variability reduction to a certain extent in construction projects. However, Birkinshaw (2020)



argues that efficiency should be replaced by reliability as a supply chain capability to improve
resilience aspects in global supply chains. It is suggested to employ multiple suppliers in the
supply chain process while matching the local demand with local supply further to improve
resilience (Birkinshaw, 2020). Indeed, having additional resources and buffers tends to
improve efficiency but reduces the supply chain interdependency (Reeves and Varadarajan,
2020). Retaining alternative or multiple supply sources within a single construction contract is
not easy and it incurs much cost (Ekanayake et al., 2021c). Further, maintaining equipment
buffers such as tower cranes is a waste and backup maintenance agreements are suggested to
receive the expected advantage. Accordingly, the reliability (through backup) measures incur
extra costs, hence, reducing ‘efficiencies’ on paper. This may be a useful price to pay for useful
redundancies that increase resilience, which is also seen as more important after COVID-19
(Ekanayake et al., 2021b). Indeed, matching supply or demand on a local basis is even more
challenging, especially in the recent developments in industrialised construction. Industrialised
construction supply chains are mostly fragmented and vertically integrated. Hence, ‘100%
efficiency’ is impracticable and considered to be unnecessary to achieve resilience targets in
the construction supply chains (Ekanayake et al., 2021b).

Visibility of the supply chain process should be improved to derive proper knowledge of the
current status and resource utilisation in construction supply chains. Business intelligence
gathering, deployment of tracking and tracing tools, and real-time data management and
information sharing facilitate promising visibility to the supply chains. Adaptability as a supply
chain capability provides the ability to modify operations in response to disruptions
(Ekanayake et al. 2020c). Employing fast rerouting of requirements (Peck, 2005), conducting
parallel processes rather than a series of processes, reducing the lead time in scheduling,
conducting virtual simulations before the actual construction, and the use of advanced
technology improves supply chain adaptability.

Anticipation which is the ability to recognise and predict future disruptive events is essential
to enhance the preparedness of supply chains. Deploying technology-based tools such as RFID,
BIM, and GIS improves the early detection of disruptive events and provides warning signals
to ensure the continuous operation of supply chains by withstanding the disruptive causes to a
large extent, at least. Recovery as a supply chain capability denotes the ability of supply chains
to promptly return to the normal operational state or a better state during disruptions. Proper
crisis management, consequence mitigation and communication strategy are essential to an
effective recovery during a disruption. In addition, decentralisation of resources, and

distributed decision-making at construction sites facilitate dispersion capability to uptake SCR.



Working effectively with the other construction professionals, project team and parties for
mutual benefits, so-called collaboration is a precursor to SCR. The ‘internet of things’ enabled
BIM works as a collaborative platform to improve construction project delivery. On the other
hand, public-private partnerships in projects are useful for sharing disruption risks effectively.
Maintaining a good market position with healthy client relationships is essential not only to be
resilient but also for the long-term survival of construction firms. Having a good market
position and healthy client relationships helps with positive negotiation with the clients and
achieving flexibility in supply chain operations during disruptions. Importantly, these
capability measures are required to withstand market pressure, economic vulnerabilities and
market competition successfully.

Security is the ability of supply chains to deal with deliberate intrusions (Zainal and Ingirige,
2018b; Ekanayake et al., 2021b). Ensuring a secure construction process, adequate personal
security, site safety and data security are vital to improving SCR in this regard. Having financial
strength is very important to withstand disruptions by enhancing the absorption capacity of
supply chains. Maintaining a healthy cash flow, maintaining financial reserves for backup
funding, taking all the necessary insurance policies, and implementing strategic partnerships
and portfolio diversification are the imperatives to ensure the financial strength and resilience
of construction organisations.

Among the aforementioned capabilities, capacity, visibility, anticipation, dispersion,
collaboration, market position, security and financial strength support the implementation of
proactive resilience capabilities whereas efficiency, adaptability, and recovery are required in
reactive capability development. More specifically, a study by Ekanayake et al. (2020b)
proposed a specific set of capabilities for achieving SCR in line with the recent developments
of industrialised construction such as resourcefulness, flexibility, capacity, adaptability,
efficiency, financial strength, visibility, anticipation and dispersion. As a newly added item to
the previous list of capabilities, resourcefulness enables a collaborative, secure and resourceful
approach to enhance resilience. All these identified supply chain capabilities could be focused
upon, for improving practice and influencing different stages of supply chain processes.
Besides, the deployment of these capabilities at adequate levels is essential to avoid the
unnecessary waste of resources. For instance, if construction organisations target improved
supply chain capacity and deploy additional tower cranes on-site (just for backup during other
tower crane breakdowns), it would be expensive and negatively affect the project cash flow
and also profits, if not needed. Similarly, enhancing the disaster precautionary measures to a

greater extent than legally or even normally required, would lead to excess cash outflows of



the projects. However, facilitating some safeguards that may moderately exceed what may be
justified by the exact vulnerability-capability balance, seems also needed to provide an
additional buffer to cope with totally unforeseeable disruptions such as COVID-19. Therefore,
it is crucial to identify the appropriate capabilities, especially the critical supply chain

capabilities and to know their relative levels of importance in the supply chains.

18.5 Deploying apposite Capabilities and withstanding Vulnerabilities: an Industrialised
Construction Case Study in Hong Kong

Although the previous sections discussed separately the supply chain vulnerabilities and
capabilities, SCR can only be attained by maintaining a proper balance between them. Given
that, it is essential to understand the co-relational impact of supply chain vulnerabilities and
capabilities. In this respect, a supply chain vulnerability-capability analysis model was
proposed by Ekanayake, et al. (2021d). The model was based on a detailed study that mainly
focused on the industrialised construction sector considering the recent strong initiatives for
off-site and modular construction in the Hong Kong construction industry. Accordingly, the
findings are mostly specific to Hong Kong's industrialised construction practices as supply
chain dynamics are jurisdiction-specific. However, the study facilitates significant research
outcomes and directions to think forward to achieve resilient supply chains in the construction
industry. Figure 18.2 visualises the supply chain vulnerability-capability co-relationship in
industrialised construction projects in Hong Kong. Resourcefulness, Capacity, Flexibility and
Dispersion are highlighted in this Figure 18.2 because according to the study findings, these
are the critical capabilities that facilitate adequate protection over the critical vulnerability
groups, namely: Production-based, Organizational, Procedural and Economic.

Further to the findings of Ekanayake et al. (2021d), production-based vulnerabilities trigger the
most critical disruptions that need greater industry attention. For example, ‘loss of quality’
including tolerance breaches (especially in off-site components), ‘labour disputes, and ‘supply-
demand mismatch/shortages’ are associated with production-based vulnerabilities. As above,
tolerance breaches could be quite significant in the industrialised construction process. Unless
an appropriate/specified tolerance is ensured in the factory, quality issues could create acute
disruptions in the assembly process. To withstand these production-based vulnerabilities,
resourcefulness capability development is required (Ekanayake et al., 2021d). Capacity as a

supply chain capability is also effective in withstanding production-based vulnerabilities.



Insert about here: Figure 18.2: Supply Chain Vulnerability-Capability Co-relationship in Industrialised
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Developed from: Ekanayake et al. (2021c¢)

In addition, improvement of resourcefulness capability helps to withstand economic,
organisational and procedural supply chain vulnerabilities. Organisational vulnerabilities are
mainly due to outsourcing, communication issues, loss of skilled workforce and inadequate
supplier selection. Procedural vulnerabilities could emerge from new laws and regulations,
safety issues, transportation disruptions, system/machine breakdowns, and physical damage to
components from accidents. Economic vulnerabilities could arise from price and currency
fluctuations, economic policy changes, and industry/market pressures to name a few. In this
respect, dispersion and flexibility are other important capabilities that enable adequate
withstanding of economic supply chain vulnerabilities. The lowest criticality level was
received by the technological vulnerabilities as these vulnerabilities are better managed in the
current Hong Kong construction practices with already deployed supply chain capabilities.
Therefore, there was not any critical vulnerability-capability co-relationship found in this case
study to withstand technological vulnerabilities.

Besides, the manufacturing phase and the on-site assembly phases are highly vulnerable phases
(Figure 18.3) in industrialised construction supply chains. Moreover, they are highly
susceptible to labour-related issues, which are very significant in project procurement and
delivery (Ekanayake et al., 2021c). The logistics phase is also marginally vulnerable in terms
of supply chain disruptions and faces identical vulnerabilities such as transportation disruptions
due to port stoppages or border-crossing delays as may happen when factories are across a

border, as in Hong Kong practice.

Insert about here: Figure 18.3: Achieving Supply Chain Resilience in Industrialised Construction in Hong
Kong
Developed from: Ekanayake et al. (2021b)

Taken as separate supply chain capabilities, anticipation can make the highest impact on
resilience implementation (Figure 18.3) as it provides a greater ability to detect potential supply
chain disruptions in advance. Hence, there should be adequate provisions for the deployment
of tracking and tracing tools, quality control and intensive training. The least contribution

towards achieving SCR is expected from dispersion capabilities (Figure 18.3) as Hong Kong



construction practices always encourage dispersion with distributed decision-making in
construction projects. Unsurprisingly, the industry was recently suffering from numerous acute
supply chain disruptions (post-COVID-19), hence the need for improving capability measures
to enhance SCR has emerged, as described before (Ekanayake et al., 2021d).

Development of a smart and interoperable software package (ideally integrating with BIM and
GIS, and using Digital Twins and Blockchain) to enable higher data visibility and anticipation,
extensive use of modular construction with appropriate technology such as suitable computer-
aided and automated manufacturing and labour robots, maintaining in-house prefabrication
yards by the construction organisations, and strong policy support are considered vital, hence
essential to accelerate SCR in the Hong Kong construction industry. Moreover, SCR is well-
thought-out to be a timely and important imperative for developing policy and strategic
objectives and protocols to boost supply chain performance in Hong Kong, and other
jurisdictions where construction industries now face acute challenges due to unforeseen and

unprecedented disruptions that have significantly aggravated existing performance shortfalls.

18.6 Conclusions and Way Forward

The COVID-19 pandemic and the Russian-Ukraine War triggered the most recent substantial
global supply chain disruptions at the time of writing this Chapter. They have adversely
affected overall construction industry performance while highlighting the need for a far better
supply chain management paradigm. In this regard, Supply Chain Resilience could be
introduced as a game-changing managerial approach that enables a paradigm shift. Resilient
supply chains are fostered with dynamic capabilities to withstand the influential supply chain
vulnerabilities in a tumultuous global supply chain environment by developing and deploying
appropriate supply chain capabilities.

Given this background, this chapter attempted to bring forward several imperatives associated
with construction supply chain resilience. Beginning with identifying the critical vulnerabilities
and their counteracting capabilities in construction supply chains, the chapter then proceeded
to describe the concept of balanced resilience. Moreover, facilitating adequate safeguards with
the use of safety buffers without sticking to the exact vulnerability-capability balance is shown
to be needed to cope with totally unforeseeable disruptions such as COVID-19. Thereafter,
findings from a Hong Kong industrialised construction case study were presented in this

chapter to provide an idea about how to achieve a dynamic balance between capabilities and



vulnerabilities, their individual impact, and the vulnerability levels of supply chains in different
phases of procurement and delivery.

Also, the set of strategies proposed to boost SCR (in the last section of this chapter) is beneficial
in realising the expected performance objectives of industrial construction projects. Although
SCR is jurisdiction-specific and the findings presented are linked with the Hong Kong
construction practices, many other jurisdictions where construction industries now face acute
challenges should also be able to adopt and adapt these initiatives to suit their own contexts,
needs and priorities in developing policy goals, strategic management objectives and action
plans. Moreover, these SCR initiatives are significantly beneficial to contractors,
clients/employers, policymakers and other industry stakeholders to rethink, revise and reshape
their strategies and methodologies to reduce the vulnerability levels of supply chains during
construction project procurement and delivery with the ultimate aim of achieving heightened

performance in the construction industry.
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